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Abstract 
 
More than 300 samples of mineral wool were tested in this study. Air flowed through circular specimen in an 
adaptive testing facility. Six differently sized test vessels were filled with three differently sized samples each. Like in 
a real building situation, there was no additional sealing between the insulation material and the test vessel. 
Current available standards are not sufficient for the determination of airflow resistance of fibrous insulation 
materials in practical application. Convection around the insulation material does appear but is not considered at the 
moment, neither in the determination of material parameters nor in hygrothermal calculations. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
 
Air-movements in insulation layers of flat timber framed roofs have big influence on energy demand and durability 
of constructions. Depending on boundary conditions like solar radiation or airtightness of the construction and 
depending on material parameters such as air permeability of the insulation itself, air fluxes affect hygrothermal 
properties to a greater or lesser extent. 
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Thermal insulation materials have to achieve a minimum air flow resistance to be allowed to be used in building 
envelopes [6] [7] [8]. One single value is measured for the air permeance of each insulation material according to 
currently available standards. One single design value is used in hygrothermal calculations for the air flow resistance 
of fibrous thermal insulation. Different permeabilities are not considered but do appear due to installation 
circumstances, workmanship, accuracy of fit, density-variation within the material, surface character of neighbouring 
materials or direction of fibres. 
Previous works [3] [4] documented rotary air movements in timber framed walls, roofs and even in flat timber 
framed roofs. These air flows could be explained by less air flow resistance of the boundary layer in comparison to 
the core of the insulation material. 
 
2. Fundamentals 
 
EN 29053 [1] defines the measurement procedure for determination of the airflow resistance of porous materials 
like mineral wool for acoustical applications. The airflow resistivity is defined as follows: 
 
r  RS  R A  'p A  'p 1 
 
(1) 
d d qv d d u 
 
where r = airflow resistivity in Pa∙s/m²; RS = specific airflow resistance in Pa∙s/m; d = thickness of the specimen in 
m; R = airflow resistance in Pa∙s/m³; A = area of the specimen in the test vessel (built-in state) in m²; Δp = pressure 
difference over specimen in Pa; qv = volume flow rate in m³/s; u = airflow velocity m/s. 
 
3. Experiments 
 
Pressure difference and volume flow rate were measured in the experiments in an adaptive testing facility in a 
laboratory. Specific airflow resistance and airflow velocity were calculated using the measurement results. 
 
3.1. Testing device, measurement instruments and measurement errors 
 
A scheme of the testing device is shown in Fig. 1. A compressor produced the airflow. The air went through a 
flowmeter and a glass tube into the bottom part of the test vessel where an overpressure appeared in comparison to the 
laboratory. The pressure difference was measured between the inside of the test vessel bottom and the outside at the 
same height. On the test vessel bottom, six different test vessel tops – circular sewage pipes with different diameter 
like shown in Table 2 – were installed. Cellular rubber was placed between the bottom and the top and the respective 
top was pressed onto the bottom so that the connection was totally airtight. All other links were sealed permanently. 
The testing device was totally airtight at an overpressure of 115 Pa which was proved in advance. 
 
 
 
Fig. 1. Scheme of the testing device 
 
The volume flow rate qv was measured with a “Low Volume Variable Area Flowmeter” Type Kobold KFR-2115 
with an accuracy of ±5%. Pressure difference was measured with an FCO332 Pressure Transmitter (Furness Controls) 
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with a measurement uncertainty of ±0.25%. Ambient temperature and relative humidity were measured using a 
Humichip 17024 (Vaisala). The diameter of the test vessel tops Ø and size and thickness d of specimen were measured 
using a measuring tape. 
 
3.2. Tested mineral wools 
 
Two different mineral wools were tested within the experiments. Table 1 depicts the specific airflow resistances RS 
quoting the latest of several test reports from a Federal Institute which were provided by the manufacturer of the 
mineral wools. The tests were performed in line with EN 29053 [1] which is standard procedure but eliminates edge 
flow due to the covering of the border of the samples with a sealing ring (edge sealed). Table 1 also shows the airflow 
permeability K which was calculated according to EN ISO 4638 [2] with a dynamic viscosity η of 1.8∙10-5 N∙s/m². 
 
Table 1. Tested mineral wools 
 
 production density 
according to test report 
specific airflow resistance RS 
according to test report (edge sealed) 
airflow permeability K 
according to test report (edge sealed) 
mineral wool 1 rolls 11 kg/m3 639 Pa∙s/m 2.8∙10-9 m² 
mineral wool 2 boards 16 kg/m³ 1162 Pa∙s/m 1.5∙10-9 m² 
 
3.3. Specimen 
 
For each test vessel top three different sizes of specimen were cut out of different packages of the same material. 
The specimen were cut out of mineral wool in one piece with a thickness d = 0.10 m. The fibres of the thermal 
insulation lay horizontally. The air flowed right-angled to the fibres through and around the mineral wool like in a flat 
timber framed roof where the air flows from the bottom to the top. 
 
Table 2. Diameters and areas of test vessel tops and cut size of specimen 
 
nominal diameter Ø 0.1 m 0.2 m 0.3 m 0.4 m 0.5 m 0.6 m  
exact inner diameter of test vessel top 0.103 m 0.190 m 0.298 m 0.379 m 0.485 m 0.590 m 100 % 
diameter of small specimen 0.105 m 0.195 m 0.305 m 0.390 m 0.495 m 0.610 m 103 % 
diameter of medium specimen 0.110 m 0.205 m 0.320 m 0.410 m 0.515 m 0.620 m 107 % 
diameter of large specimen 0.115 m 0.215 m 0.335 m 0.430 m 0.535 m 0.650 m 112 % 
total area of specimen in the test vessel Atotal 0.008 m² 0.028 m² 0.070 m² 0.113 m² 0.185 m² 0.273 m²  
core area of specimen in the test vessel Acore 0.005 m² 0.023 m² 0.061 m² 0.101 m² 0.170 m² 0.255 m²  
edge area of specimen in the test vessel Aedge 0.003 m² 0.006 m² 0.009 m² 0.012 m² 0.015 m² 0.018 m²  
 
3.4. Measurements 
 
Size and weight of each specimen were measured first. The specimen were placed on a metal grid and stuffed into 
the test vessel top (Fig. 1) as much as possible without any wrinkle or gap. Like in a real building situation, there was 
no additional sealing between the mineral wool and the neighboring material. 
Air volume flow qv was increased until the flowmeter showed a constant value. Volume flow qv and pressure 
difference over specimen Δp were noted. Ten volume flows and corresponding pressure differences were measured. 
 
4. Results 
 
4.1. Density 
 
Fig. 2 shows boxplots of the density of the specimen in the test vessel (built-in situation). The smaller the specimen 
are, the higher the standard deviation is within the density. Both mineral wools show the same tendency. 
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4.2. Pressure difference 
 
The pressure difference before and after every measurement was noted. The mean of those two values was 
considered to be the offset and was subtracted from every result. This offset was between 0 Pa and 0.05 Pa depending 
on the test vessel top. 
Pressure difference without a specimen was also measured for every test vessel to figure the offset of the whole 
measurement-device. Pressure difference Δp of the empty testing device was between 0.01 Pa and 0.04 Pa. This offset 
was also subtracted from each measured pressure difference. 
 
4.3. Actual results 
 
The airflow velocity u in the specimen was calculated for every volume flow using qv and A (equation 1). The 
pressure difference at u = 0.000 5m/s [1] was then extra- or interpolated using a potential regression (equation 2) [5]. 
 
'p  um b (2) 
 
where Δp = pressure difference over specimen in Pa; u = airflow velocity in the specimen m/s; m = Exponent; b = 
coefficient. The potential regression has a higher correlation and a lower standard error than a linear regression, 
anyway the difference is minimal. The specific airflow resistance RS is then calculated for every specimen at an airflow 
velocity u = 0.000 5 m/s and its corresponding pressure difference Δp using equation 1. 
Gaussian error propagation was applied to figure the standard error of RS at the airflow velocity u = 0.000 5 m/s 
considering uncertainties of measurement devices and standard error of extra- or interpolation. 
 
Table 3. Error calculation 
 
nominal diameter Ø 0.1 m 0.2 m 0.3 m 0.4 m 0.5 m 0.6 m 
mean standard error of RS at u = 0.000 5 m/s (mineral wool 1) 32 % 8 % 6 % 6 % 5 % 5 % 
mean standard error of RS at u = 0.000 5 m/s (mineral wool 2) 29 % 8 % 6 % 5 % 5 %  
 
5. Analyses 
 
5.1. Specific airflow resistance RS depending on density 
 
Under laboratory conditions the correlation between density and airflow resistance is high (Fig. 3a). The exact 
fitting of mineral wool into the test vessel is possible in the lab. In practice it is difficult to build in mineral wool 
without wrinkles or gaps. Mineral wool with oversize of 7 % or 12 % will not lead to the same tightness as in the 
laboratory. 
Fig. 2. Boxplots of the density of the specimen in the test vessel (built-in situation) (mineral wool 1). 
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EN 29053 [1] requires measurements with a sealing-ring to avoid airflow around the specimen. This method leads 
to higher airflow resistances. The black points in Fig. 3a are the results of the Federal Institute which performs edge- 
sealed measurements in line with EN 29053. Some manufacturers recommend to cut mineral wool with an oversize 
of 1 cm for cavities, others recommend less than 1 cm. The chosen oversize of 3 % of the “small” specimen is more 
than 1 cm and fulfills the requirement of EN 29053 [1] to cut the specimen a bit larger than the test vessel. 
 
Fig. 3. (a) Specific airflow resistance RS of the specimen plotted against the density (mineral wool 1); 
(b) Specific airflow resistance RS depending on nominal diameter and cut size (mineral wool 1). 
 
5.2. Specific airflow resistance RS depending on size of specimen 
 
Fig. 3b shows the specific airflow resistance RS for all sizes of specimen. The bigger the samples are, the higher RS 
is in general and within each test vessel size. The error shown in Fig. 3b is the standard deviation of all specimen with 
the same size. 
The airflow resistance of the material of all small specimen is considered to be constant. The different measured 
resistances (Fig. 3b) of all small specimen is assumed to occur because of a higher permeability of the edge area due 
to gaps. The edge area is considered to be an annulus with 0.01 m width. The core area is a circular area with a diameter 
0.02 m smaller than the actual diameter of the test vessel top. For circular specimen, the core area rises faster than the 
edge area with an increase of the nominal diameter. This lower airflow resistance of the boundary layer is an 
explanation to fit the measured mean values for the small specimen. 
 
Atotal  Acore    Aedge Ø/2
2  S  Ø/2  0.01m2  S   Atotal Acore  (3) 
RS ,effective RS ,core RS ,edge RS ,effective RS ,core RS ,edge 
 
where Atotal = total area of specimen in the test vessel in m²; Acore = core area of specimen in the test vessel in m²; 
Aegde = area of an annulus with the inner radius 0.01 m smaller than the outer one in m²; RS,effective = effective specific 
airflow resistance in Pa∙s/m (Fig. 4); RS,core = specific airflow resistance of the mineral wool only in Pa∙s/m; RS,edge = 
specific airflow resistance of the edge area between mineral wool and test vessel in Pa∙s/m. 
Using RS,core = 639 Pa∙s/m (Table 1), RS,edge is just the fifth part of RS,core (139 Pa∙s/m) for mineral wool 1. R² is 0.90 
for the correlation between RS,effective and RS,measured for the small specimen. For the medium and large specimen R² is 
just 0.80. The small specimen have a RS,edge = 145 Pa∙s/m and still a high R² when neglecting the Ø = 0.1 m because of 
its high standard error. The medium and large specimen do not show a correlation at all when neglecting the Ø = 0.1 m. 
The higher oversize leads to a stuffing of the mineral wool into the test vessel and disables gaps. For the small specimen 
of mineral wool 2 RS,core = 1162 Pa∙s/m (Table 1), RS,edge = 209 Pa∙s/m and R² = 0.89 when considering the Ø = 0.1 m. 
RS,edge  = 233 Pa∙s/m and R² = 0.92 when neglecting the Ø = 0.1 m. 
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Fig. 4. Specific airflow resistance RS of mineral wool 1 at different sizes of specimen with standard deviation and RS,effective (equation 3). 
 
6. Conclusions 
 
EN 29053 [1] and ISO 4638 [2] use the same denotations for different values. This should be brought in line. 
Nine samples have to be tested at least for the determination of the airflow resistance with a size of ~ 177 cm² each. 
Mineral wool is highly inhomogeneous. The density of such small specimen has a high standard deviation. Larger 
specimen or more specimen from different packages should be tested in order to consider the high variance within the 
material. 
For the right hygrothermal consideration of mineral wool in building components an exact value of the airflow 
resistance should be quoted and not just the exceedance of a certain boundary. 
Measurements should be performed with and without a sealing-ring. Ideal material-data is tested when using a 
sealing-ring. The real airflow properties can only be tested by the simulation of the installation-situation. 
The cutting size of mineral wool is crucial. Specimen with an exact fit or little oversize have a lower airflow 
resistance around the specimen due to convection. Specimen with more oversize have a higher airflow resistance 
under laboratory conditions. The influence on thermal conductivity was not measured. 
The ratio real size to oversize should be calculated for the area and not for the diameter in the next investigation. 
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